only aesthetic benefit to patients 2 and that matters of dental health are not addressed. The introduction of indices in orthodontics has enabled the speciality to answer that criticism successfully 3 by demonstrating pre-and post-treatment changes. Since then a number of papers have been published looking at treatment need and treatment outcome. 4, 5 Most studies demonstrate the greatest benefit to patients at the end of treatment if fixed appliances were used in both arches. 4 In the current climate of high quality, accountable, professional healthcare the demand for orthodontists to provide treatments that are evidence-based is heightening. 6, 7 Critical evaluation of the available evidence is needed in orthodontics to ensure the diagnoses and treatment plans offered to patients are the most appropriate. This is both in regard to the presenting occlusion and to the likely long-term stability. The exact detail regarding long-term occlusal change is incomplete. It is known that untreated individuals undergo longitudinal occlusal change. [8] [9] [10] Similarly, patients treated with orthodontic appliances undergo post-treatment change. Most studies report beneficial occlusal change from treatment, 11 followed by some deterioration in the quality of the occlusion in the post-treatment phase. [12] [13] [14] [15] [16] [17] [18] [19] [20] Whilst most papers acknowledge the unpredictability of posttreatment change both in regard to its likelihood in an individual and to its extent, it would seem that about half of the total relapse occurs within the first two years post-treatment with good stability of most features in the period beyond 5 years. 14 The feature found to be most prone to 'late' relapse was lower incisor imbrication. [14] [15] [16] 20 The Peer Assessment Rating (PAR) Index is an internationally recognised and accepted index for recording occlusal features from study models. 21 It has been suggested that a good standard of orthodontic treatment should result in a mean PAR reduction of 70% or more. 22 This certainly appears to be what would subjectively be called 'a clinically acceptable result' . The Index of Orthodontic Treatment Need (IOTN) indicates the need for orthodontic treatment on grounds of dental health (DHC) and aesthetics (AC). The scoring of IOTN (DHC) over time in untreated subjects has been shown to remain constant in the 11-19 year age range, but the scoring of IOTN (AC) in the same group showed a reduction in score over time. 10 Although proven to be an objective, valid and reproducible index for scoring occlusal change for the entire mouth, 22 the PAR
• Occlusal deterioration occurs in the period that follows orthodontic retention.
• Dual arch fixed appliance treatment achieves the best post-treatment results.
• Dual arch fixed appliance treatment maintains the best post-retention results.
• Eighty-four per cent of patients in this cohort still had demonstrable benefit from orthodontic treatment after a mean of 6.5 years post-retention.
I N B R I E F
Index has limitations for assessing treatment outcome. 11, 23 Factors such as facial profile, root resorption, decalcification of enamel, and the likely stability of the result are not addressed. Nevertheless, these indices have now become accepted within the orthodontic profession both in the UK and overseas as being an easy and relatively quick method of assessing orthodontic outcome. A review of the recent literature revealed a number of papers that used the PAR Index to evaluate long-term (>5 years) posttreatment change. In many instances the samples were limited to a single treatment modality 13, 19 and are thus not representative of mixed practice. In the general dental services it is acknowledged that a proportion of cases are discontinued, 4 with limited benefit to the individual patient. Recording of patients that were not started consecutively may have led to bias in the selection of cases for inclusion, 13, [17] [18] [19] with the possibility that only successfully treated cases are included and unfinished cases omitted.
In addition, a substantial reduction in the size of the sample at post-retention recording 13 reduces the power of these figures for comparison. The reported figures of 5-year post-retention PAR score reduction range from 63.8% to 69%. 13, 14, 17, 18 These studies, however, are quite selective and so the figures need to be interpreted with caution. Only one of these studies reported the results of a single operator long-term. 18 At present post-retention change with respect to PAR and IOTN has not been addressed in the UK.
This paper therefore aims to measure post-treatment change in an orthodontically treated cohort in the United Kingdom already examined by similar means at the end of treatment 11 and one year out of retention. 24 The study followed up the first 100 consecutively started cases treated by a post-graduate student in orthodontics in the United Kingdom at least 5 years post-retention to evaluate the post-treatment changes with respect to PAR and IOTN.
MATERIAL AND METHOD
The first 100 consecutive cases given to one of the authors (NF) as a post-graduate student in Orthodontics at Newcastle Dental Hospital from October 1988 were identified and current addresses obtained from the dental hospital Patient Administration System (PAS). Where patients had moved, addresses were obtained from patients' General Medical Practitioners and the Central NHS Register. After obtaining Local Ethical Committee approval a research and development grant was awarded from South Tees Acute Hospital NHS Trust. Patients were contacted and invited to attend for a record collection. As an incentive to attend patients were paid £25 following their attendance.
All cases that had orthodontic treatment started were contacted regardless of whether or not their treatment was completed. It was decided to do this so that the most representative sample of patients' treatment could be obtained. Study models and clinical photographs were obtained wherever possible. Some patients sent their study models by post, sometimes from overseas. In these cases it was not possible to obtain clinical photographs. PAR scores, IOTN (DHC and AC) were then recorded for cases at the beginning, end and at least 5 years post-retention. The examiner had attended a course of instruction in occlusal indices and had been calibrated.
Out of the 100 consecutively started patients, it was not possible to locate either the hospital notes or pre-treatment study models for five cases. Of the remaining 95, six had been in retention with bonded retainers within the last five years and were therefore excluded from the study. Of the remaining 89, 78 attended for record collection or sent study models by post.
STATISTICAL ANALYSIS
Differences in the PAR scores at the 3 treatment intervals were analysed using the Mann Whitney U Test. Differences in IOTN (both DHC and AC) were analysed using the Kruskal Wallis test.
A t-test was performed on the PAR scores of the 78 cases for whom post retention records were available compared with the original pre-and post-treatment sample of 100 and 92 respectively. This was to ensure there was no bias in the post-retention group. The scoring of 25 models selected at random was repeated and intraexaminer agreement confirmed using the Kappa statistic. Table 1 shows the nature of the appliances used for the original 100 patients, and the breakdown of appliance types in the two follow-up groups. Investigation of intra-examiner agreement resulted in a Kappa value of 0.83. This can be interpreted as almost perfect agreement beyond chance.
RESULTS
The t-test on post-treatment PAR scores found that there was no statistical difference (P > 0.05) between the 78 patients who returned for post-retention records and the 92 patients for whom post-treatment records were available. This infers that the postretention group is representative of the original sample with respect to treatment standards. The mean post-retention time was 6.5 years with a range of 5.0-8.3 years.
The mean PAR scores at the end of treatment and at a mean 6.5 years post-retention are shown in Table 2 . It can be seen that dual arch fixed appliances produced the greatest reduction in PAR score at the end of treatment, and maintained the greatest reduction in PAR score post-retention. Post-retention values for removable and functional appliances are not presented, as the small sample size would make the values meaningless. Table 3 shows the improvement in cases using the criteria previously defined by Richmond et al. 4 Eighty-four per cent of cases that were followed up at a mean of 6.5 years post-retention still demonstrated clear benefit from orthodontic treatment. Table 4 shows the results with respect to IOTN (DHC) and IOTN (AC). After a mean of 6.5 years post-retention, 8% of cases were in need of further treatment on aesthetic grounds Case 1 (Fig. 1 ) This case represents a Class II Division 1 malocclusion with severe crowding in both arches (Pre-treatment PAR score 53, DHC 5a and AC 9). Following treatment with upper and lower pre-adjusted edgewise appliances, headgear and extraction of first premolars, his PAR score was reduced to 3 (94% reduction), his DHC to 2g and his AC score to 1. He was retained with upper and lower Hawley retainers full-time for 6 months, then nighttime for a further 6 months with headgear support. At 7 years 8 months post-retention his PAR score had increased to 21, his DHC to 3d and his AC score to 6. His net percentage reduction in PAR score was 60.8%, so he would still fall into the greatly improved category due to the very high initial PAR score. The crowding and midline shift has reproduced itself, particularly in the lower arch.
Case 2 (Fig. 2 ) This case represents a mild class III malocclusion with an anterior crossbite (Pre-treatment PAR score 29, DHC 4c, AC 7). Following treatment with fixed appliances (non-extraction) the PAR score was reduced to 4 (86.2% reduction), the DHC to 2g and the AC to 1. At 8.5 years post-retention there had been no change in either the PAR score or the DHC grade, and the AC grade increased to 2.
and 24% on grounds of dental health. Another way to look at the results of Tables 3 and 4 is to say the orthodontic treatment was 84% successful at correcting the occlusion, 92% successful at improving the appearance and 76% successful at correcting dental health. The pattern of relapse was very arbitrary. The two cases below demonstrate the greatest and smallest change in PAR post retention. Fig. 1 Case treated using fixed appliances, extraction of first premolars and headgear. Pre-treatment (Fig. 1a) , post-treatment (Fig. 1b) 
Centre Left DISCUSSION It was disappointing that only 78 of the original 100 cases could be followed up. One can only speculate about the long-term outcome of the cases that did not attend. Berg 25 likened improvement in orthodontic occlusion with improvement in general orthopaedics in which the degree of improvement of the patients' particular handicap is frequently expressed as a percentage of the ideal. Expressing improvement as a percentage is therefore not unique to orthodontics.
PAR and IOTN are internationally accepted occlusal indices. The use of PAR and IOTN to grade outcome in a mixed appliance cohort of 100 consecutively started cases in the UK affords this study good reliability and allows the findings to be understood by a broad range of people. Comparison of these findings with those from earlier studies is therefore possible due to the standardised convention for recording the scores. The inclusion of all cases started, in preference to only those reaching completion of treatment, makes these findings more representative of true life than studies examining consecutively finished or randomly selected cases.
Residual need for treatment was detected by IOTN in the postretention phase. The fact that fewer patients registered need on aesthetic grounds than on dental health grounds supports the evidence of AC scores reducing over time. 10 It was, however, disappointing to note that after embarking on treatment once, almost a quarter of patients will subsequently have an objective need for treatment in the future.
Similarly, Table 2 compares the percentage reduction in PAR score at the start, end and at least 5 years post-retention in this study. When these results are compared with previous studies, 13, 14, 17, 18 they appear less favourable. These differences may be attributed to the fact that this current study included cases treated with removable appliances and also discontinued cases. It was, however, reassuring to establish that at a mean post-retention time of 6.5 years 84% of cases treated were still improved or greatly improved.
It was not surprising to note that dual arch fixed appliance cases offered the greatest benefit in terms of mean PAR reduction at end of treatment and post-retention. Previous UK studies have consistently reported similar findings. 4, 5 To expect all patients to benefit significantly from any type of medical or dental intervention all of the time is unrealistic. For example not all hip replacements or coronary by-pass operations are successful. In dentistry 50% of amalgam restorations have been shown to fail within 5 years 26 and 3% of metallo-ceramic crowns fail before 10 years. 27 Inevitably in orthodontics posttreatment changes will occur and patients must be informed about this.
It was hoped that this study might enable us to predict which types of malocclusion are most prone to relapse, so that 'therapeutic' treatments with a known beneficial effect can be chosen. 28 The arbitrary pattern of relapse seen in this study once again reinforces the unpredictability of post-treatment changes. The only way to prevent such changes is to consider long-term or even permanent retention. The evidence presented suggests the appropriate use of dual arch fixed appliances will offer orthodontic patients the greatest long-term benefit. (Fig. 2a), post-treatment (Fig. 2b) 
